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The DARS licensees have come before the Commission claiming that Fusion

lamps will cause unacceptable interference to DARjS receivers. Having failed to conduct
!

the due diligence expected for any party seeking a~pectrum license, and having ignored

the Commission's warning that a license obtained y auction is not a guarantee of

business success, the DARS licensees only now as ,ert that their sensitive receivers will

not function acceptably unless out-of-band emissiofls from Fusion lamps are reduced at

least 45 dB below the current limits set forth in the Ipart 18 Rules.

Simply stated, the DARS licensees are aski~g the Commission to order Fusion to

reduce the out-of-band emission limits from its l~ps by more than 99% below the

current Part 18 limits and more than 96% below th~ Commission's proposed out-of-band

emission limits for these products.

On November 3, 2000, at the request ofFu~on Lighting Inc. (Fusion), PC Test of

Columbia, Maryland conducted radiated emissions Itests of six Fusion sulfur lamps to

determine their out of band emission levels. These Itests were observed by representatives

of Sirius Satellite Radio, Inc. ("Sirius") and XM R~dio, Inc. ("XM") (together, the

"DARS licensees.

The November tests showed that Fusion's iagnetron-driven sulfur lamps easily

comply with the Commission's existing out-of-ban~ emission limits for RF lighting

devices and even the more stringent out-of-band e~ission limits proposed in this

proceeding. Based on these tests, the DARS licens~es contend that their system, as

currently designed, will experience harmful interfetence from the Fusion lamps.
i

Assuming that the sensitivity of the DARS receive~s and the DARS link budgets are as

reported in previous filings with the Commission, ~usion agrees that these systems will

indeed experience harmful interference.

The Commission has been aware of the Fus on lamps for many years. The DARS

licensees should be presumed also to have been aw e of the Fusion lamps, long a matter

of public record, when they bid for the licenses to perate DARS systems. The

Commission carefully warned all bidders in the D RS auction that it was up to them to

conduct due diligence and that the Commission wa not guaranteeing the success of the



I

DARS business ventures. Nonetheless, Sirius and ~M bid large sums for their DARS

licenses and then embarked on a risky system desi~ that it knew to be intolerant of ISM

out-of-band emissions.

Fusion explains herein that it has investigat,d all known methods of reducing out

of-band emissions from its RF lamps and has yet t~ discover any method that will

approach the limits requested by the DARS licensets. Even a modest (and from the

DARS licensee's point of view, useless) decrease i emissions would come at a

prohibitive cost and result in lamps too large and h avy to market or lamps which will

produce no light. Given present technology, Fusio cannot produce a lighting device that

would come close to satisfying the needs of the D S licensees.

As Fusion shows, however, the DARS lice sees have it within their power, if not

their present business plan, to resolve interference ~roblems from RF lighting through the

use of terrestrial repeaters which are already being ~eployed in the same environments

where Fusion lights can be expected to proliferate tcities and their surrounding areas.

Terrestrial repeaters, always envisioned as an inte~al component ofDARS service, can

easily render DARS receivers immune to out-Of-b+d emissions from various ISM

sources, including microwave ovens and Fusion's l~ghts.
i

That the DARS licensees have paid for the liIse of their spectrum does not obligate
I

the Commission to invoke its processes to guaranteb DARS reception by wiping out two

decades of public and private funding in Fusion lig~ting and destroying the promise of
i

low cost, energy efficient, outdoor lighting. And itlis not the responsibility of Fusion or

the Commission to assure business success for the OARS licensees.
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Fusion Lighting, Inc., ("Fusion") by its att0tneys, hereby files its reply to the Joint

Supplemental Comments of Sirius Satellite Radio, lIne. ("Sirius") and XM Radio, Inc.

("XM") (together, the "DARS licensees"), in the apove-captioned proceeding.

Introduction

On November 3, 2000, PC Test of Columb*, Maryland conducted radiated

emissions testing of six Fusion sulfur lamps. 1 At Flusion's invitation, representatives of

the DARS licensees observed these tests. The DARtS licensees have filed their
I

Supplemental Comments in this proceeding, discus~ing the test report and offering their

own analysis of the data. Omitted from the suppleqtental Comments and the DARS
,

licensee's Analysis, but made absolutely clear fr0ni the test report is that:

1 See Exhibit A, "Product Evaluation Report," PC Test Lab, ovember 3, 2000. The DARS licensees
tested a seventh light which was not a part of the PC Test jo' t testing, but which was unaccountably
included in their test analysis. This seventh light is an early evelopmentallamp installed at the
Department ofEnergy in Washington, D.C. The DOE lamp e ploys a DC switching power supply which
Fusion experimented with some years ago but found to be tec ically unreliable and prohibitively
expensive. Fusion lamps use a ferroresonant power supply. e DOE lamp was an experimental model
that is not sold commercially and the DARS licensees were t ld of this, yet they have persisted in treating
the DOE lamp as somehow representative ofpresent Fusion I ps. This is not the case. See page 13 infra.
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•

•

Every Fusion lamp measured during joint tekting demonstrated compliance with
the average emission limits under Part 18 R~les in the DARS band by a margin of
at least 20 to 34 dB. I

One of the Fusion lamps (sample #1227), d~'sPite being 20dB below the FCC's
Part 18 limits, will cause unacceptable inte erence to DARS receivers unless
peak emission levels are reduced an additi nal 59dB - or more than 99.9%
below their lawful limits.

If the peak emission levels from sample la.nip #1227 are not reduced to the levels
required by the DARS licensees, unaccepta~le interference to DARS receivers
will occur at a distance of 1800 meters - o~ over one mile.

Significantly, the DARS licensees freely admit ~hat:

• Interference to DARS receivers caused by f1usion lamps can be overcome by
deploying additional terrestrial repeaters.

Incredibly, the DARS licensees seek drastici Commission relief for problems of

their own making, requesting limits on Fusion Lig~ing that would effectively ban its

magnetron-driven products. And it is no small iro~ that while the Commission

deliberates this matter, the Fusion lamp is promine*ly featured in Vice President

Cheney's just-released Report on National Energy Policy, as an example of break

through technology in the area of energy conservat~on.2

A detailed analysis of the November 2000 t~sts and Fusion's response to the

DARS licensees Supplemental Comments are provlded below. Fusion believes,

however, it is not merely useful, but critical to brie:Uy review the history ofthis

proceeding, Fusion's use of the 2450 MHz band, a4d the Commission's decision to

allocate the 2320-2345 MHz band for DARS use.

History

Approximately 25 years ago Fusion engine~rs approached the Commission's staff

to discuss their plans for developing "microwave e cited" lamps. The 2.45 GHz ISM

band was identified by the staff as the ideal locatio for Fusion's ISM product offerings

2 In outdoor lighting applications alone, Fusion's magnetron- iven products have the potential to save
consumers over $6 billion a year based on recent wholesale e ectricity costs.
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because it was internationally harmonized, aliowediunlimited ISM emissions and

contained very few radio services. Fusion deVelOP~d its lighting technologies based on
i

the low cost 2.45 GHz magnetron used in hundreds Iofmillions of microwave ovens
,

worldwide. In 1990, Fusion adapted this technolog~ for its revolutionary electrodeless

sulfur lamp.

In 1991, at the urging of Sirius (then CD Raflio, Inc.), the United States

recommended to the 1992 World Administrative R,dio Conference (WARC) that

spectrum in the vicinity of the 2300-2390 MHz banft be allocated internationally to the

Digital Audio Broadcasting Service (DAB).3 Even ft that time, concerns were raised by

the ISM community about the potential out-of-banq emissions from ISM equipment

operating in the 2.45 GHz band.4 The Commissionf heeding these warnings, determined

to select a portion of the band that would minimize ithe likelihood that DAB would be

subject to harmful interference from ISM equipmetit.

In 1992, Fusion tested its new sulfur lamps ~d verified compliance with the

Commission's Part 18 (ISM) rules. Then, as now, ~ere were no Part 18 limits for out-of

band emissions above 1 GHz for RF lighting devic¢s. Lacking such a specified limit,

Fusion designed its lighting system to meet the Pari 18 limits for "miscellaneous" ISM

devices set forth in Section 18.305(b). This is the s~e limit that was used by FCC

Laboratory engineers four years later in testing the fusion lamp.

In November of 1992, the Commission pro~osed to allocate the 2310-2360 MHz

band for DAB Services. Ultimately, in 1995, the Cbmmission chose the 2320-2345 MHz

band for what by then had become known as the D~gital Audio Radio Satellite Service.

In neither proceeding was there any discussion by $ARS proponents or the Commission

of interference from ISM equipment, the Commissi~n's concern of three years earlier.

In March, 1996, at the request of the FCC L~boratory staff, Fusion supplied a

sample of its sulfur lamp for EMC testing. The tes~s showed that the device complied

with all Commission rules.s As noted, the FCC La~oratory staff measured out-of-band
!

I

3 See In the Matter ofAn InqUiry Relating to PreparationfO~he lTV WARC for dealing with Frequency
Allocations in Certain Parts ofthe Spectrum, Gen. Docket N .89-544, Report, 69 RR 2d 484,494 (1991)
4 Fusion participated in the FCC docket that led to the reco endations for the WARC proceeding.
S See Exhibit B, May 3, 1996 Memorandum to Chief Custom r Service Branch from TPhillips, FCC Labs
test engineer. !
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emissions in the DARS band against the reQuirem1ts of Section 18.305(b) for

miscellaneous ISM equipment. i

By 1996, Fusion was already gaining favor~ble publicity for its sulfur lamps

outside the corridors of the Commission. As Fusion noted in a presentation to the Office

of Engineering and Technology in connection with ~arlier proceedings in this Docket, its

sulphur lamp technology had, by then, received sUlf0rt from the Department of Energy,

the Environmental Protection Agency, and the Natipnal Air and Space Administration.

Around this time, Fusion had also participated in v¥ous FCC proceedings and there

were numerous newspaper articles about its revolut~onary new lighting system. By May,

1996, when a waiver requested by Fusion and Genqral Electric led to the initial stages of

this proceeding, Fusion lamps were well establishe~ as a matter of public record.

On March 3, 1997, the Commission adopte4 service rules for DARS. Three days
I

later, it issued a Public Notice of the auction to awa(rd DARS licenses and explained the

auction ground rules. Potential bidders were reminqed that they were responsible for

familiarizing themselves thoroughly with the procepures, terms and conditions of the

Notice and further, that it was their "responsibility to remain fully informed regarding all

FCC rules and Public notices pertaining to this auc~ion." Most importantly, the

Commission warned:

[t]he FCC makes no representations or warranties about the use of
I

this spectrum for particular services. Applicants should be aware
that an FCC auction represents an oppor1unity to become an FCC
licensee in this service, subject to certain ~onditions and regulations.
An FCC auction does not constitute an e~dorsementby the FCC of
any particular services, technology or pr .ducts, nor does an FCC
license constitute a guarantee of business success. Applicants should
perform their individual due diligence be ore proceeding as they
would with any new business venture. (E phasis in the original).

A month later, Sirius and XM bid approxi tely $83 million and $89 million

respectively, for their DARS licenses.

In April 1998, prompted by requests by Fus on and General Electric for waivers

of the Part 18 conducted limits, the Commission to k the opportunity also to propose out

of-band emission limits above 1 GHz specific to lighting, explaining that the present

rules, "may not easily accommodate technological evelopments in RF lighting and thus

4



hinder the further development and imPlementationl of these new products." Apparently

remembering its concerns of seven years earlier abJut spurious emissions from ISM

devices into a proposed DARS band, the Commissipn proposed that RF lighting devices

operating above 1 GHz should now meet the same ~ut-of-band emission limits imposed

on digital devices. This represented a significant ti*htening of the Part 18 limits

otherwise allowed for "miscellaneous" ISM deviceJ under Section 18.305(b).
!

It was at this point that the DARS licensees ~pparently awoke to their problem

and hastily performed some "Monday morning" du~ diligence. They argued then, as they

do now, that the proposed limit was wholly inadeq$te to protect their sensitive digital

radio receivers and instead urged that the out-of-baJjJ.d limit for RF lighting devices be set

to a limit no greater than 18 f.lV/m @ 30 meters,6 r9presenting more than a 99.9%

reduction in historically allowable limits, and a 96* reduction from the limits newly

proposed for consideration by the Commission. By making this demand on RF lighting,

the DARS licensees crossed well beyond the threshpld of reasonableness into the realm

of impossibility.

Meanwhile, a few blocks of the Commissio*-, a Fusion lamp has been on display
I

in the East Wing of the Smithsonian Institution's Museum ofAmerican History as part of
I

an exhibit celebrating the "evolution and revolutiOIf' of lighting in the United States. The

Fusion lamp is just steps away from the incandescetlt light bulb invented by Thomas

Edison.

I

Results of the November 2000 Tests of Fusion Lf.!!!l!!
,

As the following chart shows, emissions frqrn all six Fusion lamps that were

tested by PC Test, when measured according to lon~ standing Commission practice, are

lower not only than existing out-of-band emissions 'standards under Part 18 but also lower

than the Commission's proposed out-of-band limi for digital devices.

625 dB/lV/m at 3 meters
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Fusion Lamp dB below Sec. 18.305(b) limit dB below FCC proposed limit
Sample No. in dBJ.lV/m at 3 meters in dBuV1m at 3 meters
1227 -20 -4
587 -27.7 -11.7
563 -26.1 -10.1
06 -30 -14
05 -33.6 -17.6
04 -27.6 -11.6

I

These measurements were made using a 30 ~z Video Bandwidth (VBW) even

though a 10Hz VBW is the appropriate VBW setti~g for measuring average field

strength from a Fusion lamp7 and could be expecte4 to yield lower results. According to

Fusion engineers, the variation in measurements is ~ result of the differing ages of the

lamps tested as well as their designed purpose. SaJit.ple No. 1227, for instance is a lamp

with a large 16" reflector designed specifically for iVide-area lighting applications.

Ma etron-Driven ISM Products such as Fusio
Have Alwa s Been Measured b the FCC Labs

The DARS licensees claim that the Commi~sionhas yet to adopt a standard VBW
I

setting for measuring emissions from magnetron-d~venRF lighting devices.8

Accordingly, the DARS licensees choose a VBW sftting of 1MHz in order to derive a

peak level that "most accurately depicts the effect qf out-of-band emissions from RF

lights on satellite DARS receivers.,,9 In fact, howeter, the Commission has had a

longstanding policy for measuring average field str~ngths from magnetrons by using a

10Hz VBW setting whether these devices are empl~yed in the microwave ovens or in
!

Fusion lamps. 10 If peak measurements are taken u~ing the 1MHz VBW setting preferred

by the DARS licensees, it is obvious that several o~the Fusion test lamps would appear to

exceed the Part 18 limits. But Fusion designed its ~amps years ago, with the
!

Commission's blessing, to comply with average, n~t peak limits, based on measurement

i

7 See Exhibit C, March 5, 1999, letter from R.LaForge, Chief Customer Service Branch, to M. Dry, Fusion
Lighting.
8 Supplemental Comments at 8.
9 [d.
10 See fn. 6 supra
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procedures used and recommended by the Commis~ion for decades. Fusion cannot now

be penalized, as the DARS licensees demand, by fetcing an abrupt change in the

Commission's magnetron measurement procedures I solely to protect digital radio
i

receivers that were not designed to account for well known out-of-band emissions from

ISM sources. The DARS licensees have offered n~ credible reason for changing a

decades-old test procedure to limit the potential int~rference ofmillions of consumer and

commercial microwave ovens in use today through(mt the U.S. II

Interference to DARS Systems

The DARS licensees maintain that their systems are so sensitive that out-of-band

peak emissions from Fusion's lamps must be lowerlthan 25dBJ.lV/m at 3 meters.!2
i

Fusion and the Commission must take the DARS li~ensees at their word since they have

never provided a sample receiver to test. However~ assuming the DARS licensees have

accurately described their receiver sensitivity, there is no question that at significant

distances Fusion lights will interfere with, or block ientirely, DARS satellite signals.

Just how sensitive the DARS receivers are i~ apparent from the umbrella of

protection sought in the Supplemental Comments. A.ccording to the DARS licensees, one

of the Fusion lamps, Sample No. 1227, would haveito be located 1800 meters -- over a

mile away -- from a DARS receiver to escape unac¢eptable interference. Yet this lamp

currently emits less than 1/10 of the field strength permitted under the current rules!!3

Even the experimental DOE lamp, which is not a c<j>mmercially feasible model and was

not part of the November testing but which operater at 1/100 ofthe present lawful limits,

would have to be located at least 63 meters from a pARS receiver to avoid unacceptable
I

interference.!4 .

11 There is no logic for treating microwave oven emissions differently than Fusion lamps as both employ
the same 2.45 GHz magnetron. I

12 To place this huge reduction in perspective, a 25dBl!V/m pbak measurement would result in average
measurements that are virtually unmeasurable - buried within Ithe noise - using conventional measurement
techniques.
13 Supplemental Comments at 11.
14 Id.
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How this situation came about is surely rele~ant to the outcome ofthis
!

proceeding. Quite possibly, in the frantic competiti~m to succeed at the Commission's

DARS auction, both Sirius and XM failed to accowilt for the significant potential

interference from Fusion lamps. Or perhaps they r~lied then, as they apparently still rely

on their large auction payments to not only buy uselofthe spectrum but also a guarantee

of success from the Commission. If so, their relian~e was misplaced. As the
!

Commission has repeatedly stated, the purchase of ~pectrumconfers no special rights on

licensees and, like other spectrum risk takers, the D~S licensees cannot look to the
i

Commission to underwrite their commercial offeriq'gs.

The Degree of Protection Sought is Unprecedentd

The effect of the DARS request is to force ~usion to reduce its out-of-band

emissions levels by 45 dR IS Fusion is not aware of any instance in which the

Commission has ever required a manufacturer of e*sting lawful devices to reduce

emissions to such a dramatic extent. To do so would undoubtedly be punitive under the

law - an effective taking of property by the Commission in derogation of Fusion's

Constitutional rights. Indeed, if the DARS licensees succeed in this effort the result will

be a 2.45 GHz RF lamp that produces no usefulliglilt. 16

In ex parte presentations in this proceeding,ithe DARS licensees have made much

of the fact that the Commission imposed similar, sttingent out-of-band emission limits on

the Wireless Communications Service ("WCS"), a ticensed service. Again, a bit of

historical perspective is useful. The WCS was hast~ly established pursuant to a

Congressional mandate in the Appropriations Act ~f 1997. The Commission was given

mere months to allocate the 2305-2320 MHz band ~d to auction it off. The only
I

guidance from Congress, other than the extraordin timetable, was that the spectrum be

allocated consistent with international agreements or fixed, mobile, radiolocation and

IS The Part 18 limits for miscellaneous ISM in the DARS ban is approximately 70 dBIlV; the DARS
licensees request a limit on Fusion lamps of25 dBIlV.
16 It must be emphasized that the Commission is not engaged in an enforcement proceeding where it is
alleged that Fusion's lamps are overpowered. As demonstrat d by an independent testing, Fusion lamps
more than comply with the Commission's rules. Quite simpl ,Fusion has done nothing that deserves such
punitive measures.
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BSS (sound), along with complementary terrestriallsound broadcasting. The Commission

did not have the time to determine whether the speJtrum should be allocated for specific

services within these general categories, so it was f~rced instead to adopt a general

allocation permitting use of any of the services list~d in the international allocation.

Thus, not knowing what the service would be used ror, the Commission adopted severe

interference restrictions (which, in a sense, took th~ place ofmore specific allocations) to

prevent interference to other services including the PARS service for which service rules

had been adopted only a month earlier. These restrictions were so severe that the

Commission acknowledged certain services might 1i>e effectively precluded from using

the spectrum at all.

WCS is hardly a paradigm for protecting DJ1\RS. Congress told the Commission
i

what spectrum to allocate, gave it almost no time t~ do it and paid no attention to existing

allocations that might be adversely affected. On its! own, the Commission adopted rules

to protect DARS from a radio service that had yet to come into existence. The end result

is that many potential services cannot use the WCSispectrum so that the then existing

DARS licensees would be protected.

Methods or Mitigating Out-or-Band Interferenc$

The DARS licensees insist that Fusion re-d~sign its product to eliminate all

threats of interference to DARS service. They cont:end that better out-of-band

performance may be accomplished through some c~mbination of "filtering, shielding and

a more RF 'quiet' power supply" and that Fusion clim decrease out-of-band emissions

"below levels emitted by the DOE experimentallarpp installation."l? They further assert

that a comparison ofvarious Fusion models demon~trates that "better out-of- band

performance is technically possible... [and] ... not n~cessarily costly."l8 Finally, they

state that out-of-band emissions can be greatly red~ced by using direct current switching

power supplies and specialized magnetrons "witho t reducing [the lamps'] luminous

17 Supplemental Comments at 5.
18Id at 4, note 11.
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capabilities.,,19 None of these statements has any b~sis in fact and, moreover, the

underlying technical issues -- shielding, filtering aJt specialty components -- have
,

already been discussed and analyzed extensively inlthis proceeding. The conclusion

reached then, as now, refutes any notion that Fusioi's lamps can be modified to comply
i

with emission limits anywhere close to the levels a~vocated by the DARS licensees; the

only possible solution is a complete redesign of the I2.45 GHz magnetron.

Conventional filtering techniques for lamp ~missions have been explained and

discussed at length in this docket,2o Fusion descriBed to the Commission and the DARS
,

licensees how its current lamp design contains two!tages of RF filtering to reduce in

band and out-of-band emissions; a primary screen at surrounds the quartz bulb and an a

metal-oxide cover glass that fits over the lamp refl ctor. Together these filters reduce
!

emissions in-band by 56dB but at a considerable cqst - over 20% -- in lighting efficacy

(i.e. lumens per watt)?l "Heroic" shielding effort~ were also attempted by Fusion

engineers to further reduce emissions but lighting efficacy dropped so precipitously that

the lamp was quickly rendered non-competitive. 22 I The DARS licensees' wild assertion

that emissions from Fusion lamps can be filtered aq. additional 36dB at a loss in

"efficiency" of only 15% omits these critical facts. i Even if a competitive lamp could be

produced at such reduced efficiency it would still etnit at levels far in excess ofwhat the

DARS licensees claim is needed for acceptable sat~11ite reception.

Recently, Fusion investigated the possibili~ of inserting some type of

narrowband filter in its lamp assembly to choke Of1DARS band emissions. Attached

hereto in Exhibit D is an engineering study commi sioned by Fusion which concludes

that narrowband filtering using waveguide technol,gy, the only feasible approach, is not

a viable option for magnetron lighting. Wholly ap~ from the cost impact which Fusion

believes would be significant, narrowband filtering lis not feasible based on the

size/weight limitations for the lamps as well as oth~r technical constraints explained in

the study.

19 !d. at 14.
20 See May19, 1999 ex parte letter from TMahn to MSalas, E Docket No. 98-42; August 26,1999 ex parte
letter from TMahn to MSalas , ET Docket No.98-42; Septe er 3, 1999 ex parte letter from KKipling to
MSalas, ET Docket No. 98-42
21 See August 26,1999, ex parte letter supra. Out-of-band me surements (e.g. DARS band) were not made
so it is not clear whether these filtering effects will scale in a cordance with the in-band measurements.
22 See May 19, 1999, ex parte letter supra.

I
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As for using DC switching power supplies 4nd/or specialized magnetrons, the
I

record in this docket is clear that both are still very ~uch the stuff of dreams. The

DARS licensees conveniently overlook the fact that the DOE lamp, on which they base

much oftheir technical analysis, is an experimentall product that has no commercial

value. This has been a matter of record in this proc~eding for nearly two years and
I

moreover, Fusion engineers explained this carefullt to the DARS engineers at their joint

meeting with the FCC staff on October 16,2000. !There Fusion explained that the DOE

lamp uses a DC switching power supply that was fqund to be unreliable, exhibits an

unacceptably short lifetime (5000 hours as compar~d to 60,000 for ferroresonant

supplies) and raises the end user cost of a lamp by $1200 -- or 4 to 8 times the cost of a

complete system sold by lighting competitors.23 Fusion also noted that the experimental
1

power supplies it has sampled cannot be installed r¢liably outside clean, thoroughly
1

protected environments.24 For the DARS licensees to base their technical arguments on a

design they know to be experimental and not close fO being commercially viable, only

underscores the desperate nature of their argument~.

And their reference to the use of "specialize~"magnetrons as a possible solution

to their interference problem is even farther off the rtark. While it may be possible to

find a magnetron that is capable of salvaging 2 or 31 dB of attenuation, a magnetron that

would afford an extra 40 to 50 dB of protection is tiot available. Even if large margins of

attenuation for DARS band shielding could be implemented at the magnetron

manufacturing level, and there is no basis in the litqrature for believing that this could be

done, it is clear that the costs would be prohibitive for a lighting application and would

doom a competitive offering by Fusion.

At the Commission's repeated urging throu out this proceeding, Fusion spent

three years investigating all possible options for im roving the RF design of its

magnetron lamps. It has exhausted every lead, per ormed or commissioned multiple

engineering analyses and ultimately concluded that, it cannot make any significant in-road

to the RF shielding paradox25 without sacrificing it~ competitive position in the market.

23 See September 3, 1999, ex parte letter supra. i
24 Id.

25 The paradox in RF lighting comes from the fact that both t e RF and the light travel together such that
one must always be traded off in favor of the other.

1
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The DARS licensees are advised to reread the reco~d in this docket to understand the

futility of their baseless proposals.

i

The DARS Licensees Have it Within Their Own IPower to Eliminate the
Interference Problem

As was envisioned by the Commission from the very inception of its proceeding

to allocate spectrum for a DARS service, in order t<l> deliver reliable, high quality signals

throughout their desired coverage area, the DARS l~censees would have to install systems

of terrestrial repeaters. In reality a DARS service Has two components - a satellite

system to provide national coverage and systems of terrestrial repeaters to insure

coverage in local areas.

In IB Docket No.96-91, Establishment ofRlriles and Policiesfor the Satellite

Digital Audio Radio Service in the 2310-2360 MH~ Band, the DARS licensees have

requested that the Commission permit as much as eli 40 KW repeater operation. As

explained by XM, which plans a system of approxi~ately1500 repeaters of varying

power plus an unknown number of "microrepeater~,"its repeater system would be used

"... .in those limited areas where it may be difficult 10 receive satellite-based signals due to

line-of-sight blockage from buildings, and where ~e satellite signal receives

interference from various terrestrial sources, su~h as microwave ovens.,,26 The

"limited areas" are contained in twenty to thirty mile circles around the largest seventy

urban areas.27 Unlike XM, Sirius's repeater system)will consist of repeaters at only 105

sites in the urban cores of46 cities. It too plans to tnsta11 some unknown number of

comparatively lower power repeaters to overcome \ocal obstacles.28 Both companies have

requested that the Commission place no limit on th~ number and power of terrestrial

repeaters they may use.

It is difficult to estimate the degree to which the repeater systems will blanket

large areas with signals strong enough to obviate i~terference from Fusion lamps. In
I

26 See XM Radio, Inc. comments in IB Docket No. 95-91, fil d December 17, 1999. (emphasis added)
27 Ibid
28 See Supplemental Comments of Sirius Satellite Radio in I Docket No. 95-91, filed January 18, 2000.
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many cases repeater transmissions will not be line-~f-sight; there will be multipath

reflections and repeaters of different sizes will be u~ed. Thus, an estimate of coverage

would essentially consist of a statistical analysis peculiar to a given region. Nevertheless,

it is possible to make some generalizations. The DARS repeaters will, in many instances,

provide line-of-sight transmission to receivers. Evqn a 1 kW repeater with an

omnidirectional antenna mounted on top of a build¥g should provide a strong line-of

sight signal for many miles that would easily overc~me out-of-band interference from

Fusion lamps. A 10 kW or 40 kW repeater would ~e significantly stronger blanketing

much larger areas. Even where the transmission is ~ot line-of-sight, it is likely that most

areas in a city will be able to receive signals regardless of the presence of Fusion lights or

microwave oven emissions.

As shown by an analysis performed by Danfel DiFonzo ofPlanar

Communications Corp., even taking urban attenuation into account, a conservative

estimate using the mean of peak emissions from the current production of the lamps

tested, indicates that a single 1 kW repeater will prqtect DARS receivers from ISM

interference at a distance of up to a kilometer.29 A ~ingle 10 kW repeater will protect

DARS receivers up to 2.3 kilometers, and a 40 kW irepeater will do the job at a distance

of up to 3.6 kilometers. Given that the DARS lice*sees' business plans call for multiple

repeaters to blanket most urban areas, it is reasona~le to assume that their transmissions

will, in most cases, protect DARS receivers from iriterference from Fusion lamps.

Significantly, DARS receivers are not inten~ed to be marketed only for use in

vehicles but in homes as well.3o For instance, XM ~laims it "will bring our revolutionary

service into your home in 2001 with a brand new lihe of home stereo receivers.,,31 In

fact, at least one of Em's radio manufacturer partnelrs, Sony, is producing a "Plug &

Play" radio that can be used either in vehicles or inlthe home. In a press release "Sirius

Teams With Sony," Sirius explains the "relationship includes car, home and portable

29 See Exhibit E
30 It is too early to predict the success of efforts to sell DARS receivers for the home. It should be noted,
however, that Section 302(a) ofthe Communications Act giv s the Commission specific authority to
"establish minimum performance standards for home electro ic equipment and systems to reduce their
susceptibility to interference from radio frequency energy." he Commission should consider whether the
DARS receivers should be better designed to operate in their hosen environment.
31 See XM Radio website, www.xmradio.com/fl/howitworks/ adios.asp
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products.,,32 One can only presume that it is the system of terrestrial repeaters that makes

this ubiquitous use possible.33

It is apparent, therefore, that the use of terre~trialrepeaters will go a long way

toward mitigating, and possibly solving, the interference problems from Fusion lamps.
I

And the DARS licensees know it and have openly ~ecognized the fact in their filings in

this docket.34 But, they argue, "[r]enquiring satelli* DARS licensees to employ
I

additional repeaters would be inefficient and costly!' - this from XM whose terrestrial

repeater budget is projected to cost more than half f its entire system.

Terrestrial repeaters have long been an inte al part of every DARS business plan.

Weak signals from space are simply not a solid fo dation for a nationwide consumer

service. Repeaters will solve many of space-based eception problems including out-of

band ISM emissions. Because the DARS licensees I seem to be concentrating their

repeater coverage over and around the largest cities, the targeted location for Fusion

lamps, such areas will literally be blanketed with miicrowave energy to ensure acceptable

reception of DARS service whether in vehicles or in. homes. Thus, it appears that the

DARS licensees will have their protection from ou~-of-band ISM emissions. Additional

protection from Fusion is not required.

The Commission is Not Bound to Use its Proces~es to Reduce the Commercial Risk
of the DARS Service

Ultimately, at issue is the proper interpretatjon and enforcement of Section 18.109

of the Commission's rules:

i

ISM equipment shall be designed ~d constructed in accordance
with good engineering practice with, sufficient shielding and

32 Sirius Press Release of February 5, 2001
33 In its Reply Comments in this Docket (August 4, 1998) Sir us (then Satellite CD Radio) sought to
distinguish microwave ovens from Fusion's lamps even thou they use the same 2.45 GHz magnetron.
Sirius argued that microwave ovens would be further away fr m its receivers, that they will be shielded by
walls, and that they do not emit continuous energy. But, in f: ct, the DARS licensees fully intend that their
receivers will also be located in homes - virtually co-located ith microwave ovens and in line-of-sight.
Moreover, there is no basis for arguing that the emissions fro a microwave oven will not interfere with
DARS receivers. As noted above, XM intends its repeater sy tern to be used where ''the satellite signal
receives interference from various terrestrial sources such as icrowave ovens."
34 See, Supplemental Comments, Attachment A, fn 12.
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filtering to provide adequate suppres~ionof emissions on
frequencies outside the frequency b~ds specified in Section
18.301.

The DARS licensees, having failed to perfoI!m the requisite due diligence

expected of competitive bidders in an FCC auction ~d having ignored the Commission's

warning that an FCC license won at auction does n9t constitute a guarantee of business

success, have nonetheless taken the risk of designin~their businesses around receivers

that they knew or should have known can not perfot acceptably in the presence of out

of-band emissions from ISM devices that are more an 99% below the lawful Part 18

limits.35 The DARS licensees now seek to protect t~eir extraordinarily fragile systems

and their investment in such systems - products of~eir own business decisions - by

having the Commission declare that "adequate sUPIiression of emissions" must mean
i

whatever it takes to guarantee reception to DARS r¢ceivers, no matter the effect on
,

existing businesses that have operated in good faith Icompliance with the Commission's

rules for years. There is no requirement that the Cdmmission interpret its rules to

produce such an absurd and unfair result.

In fact, Fusion has designed its lights respoIlsibly to suppress out-of-band

emissions. The DARS licensees are correct when ¢'ey state that compliance with the

Commission's stated limits is not necessarily dispo$itive of compliance with the law.

Clearly Section 18.109 is intended as a safety net fdr licensed services over and above the

standards ofthe stated rules - but only up to a poin1- For this reason, one can expect a

manufacturer to design its ISM equipment to suppr~ss out-of-band emissions to an even

greater degree than required by Section 18.305 of t~e rules. Fusion did this when it

designed its lights so that, as noted above, out-of-b4nd emissions are 20-34 dB below the

limit of Section 18.305. Such a design was pruden~ since, should the Commission adopt

the more stringent out-of-band limit it has propose in this proceeding, Fusion lights will

still comply. But prudence should not be confused with omniscience. No manufacturer

could have conceived that a new licensee would co e along demanding out-of-band peak

emission limits 45 dB below the historic legal limit that applied to its products. It would

35 The DARS licensees state that Fusion Sample lamp 1227 ust be reduced 59dB, yet this lamp is almost
20dE below the lawful Part 18 limits. See Supplemental Co ments, App. A p.6.
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have strained credulity to presume the need for suc~ foresight and it certainly strains

credulity now to imagine that the Commission wouild ever impose such a limit.

The Commission has seldom had the oppot1Unity or need to interpret Section

18.109, at least not formally. But the interpretation and enforcement of any rule must be

reasonable and, ultimately, based on the public inte~est.36 Fusion lamps are not just

another lighting technology. According to an anal~sis of the DOE system, the two
I

Fusion lamps produce four times the average lumi~ence than the previously installed 280

mercury lamps and use approximately one-fifth the, power at a savings of $9000 per

year.3? When one considers that lighting consumes !approximately 25% ofthe electrical

energy used in the United States and about 5% of aU BTUs from primary energy

sources,38 finding a lighting technology to operate with this efficiency can add

immeasurably to the comfort of everyone in this country for years to come. At this time

of national energy shortage, a regulatory restrictioIIi that effectively bans the deployment

of an such emerging energy efficient technology w~uld be a national travesty.39

It simply cannot be in the public interest to force Fusion to write off tens of

millions of dollars invested in this break-through t¢hnology as well as revenues from

lost business opportunities by imposing an unreasofably strict interpretation of a rule

intended to act as a safety net, not a warranty ofco~ercialsuccess. The fact is, the old

saying about hard cases making bad law is still trod. This situation should never have

been allowed to happen. The DARS allocation ignpred previous Commission concerns

about ISM interference to DARS systems and the potential DARS applicants ignored the

36 While under Section 18.109, ISM equipment is to be desigJjled to provide "adequate suppression of
emissions," the term "adequate", must be construed in the co,text of"reasonableness," and it is likely not
reasonable to construe Section 18.109 to require that manufaqturers ofexisting Part 18 equipment be forced
to redesign their products to protect later evolving devices thJt are poorly or improvidently designed.
Moreover, one can argue that the Section 18.109 admonition s merely a baseline requirement applicable to
ISM devices in general, but one which must give way to spec"tic limits set forth in Section 18.305 with
which the Fusion lamp complies. !

37 An In-Situ Photmetric and Energy Analysis ofa Sulfur La . t Lighting System, D. Crawford, C. Gould,
M. Packer, F. Rubinstein and M. Siminovitch, Lawrence Ber eley Laboratory.
38 Annual Energy Outlook by the Energy Information Admin stration, Department ofEnergy. It should by
noted that the 5% figure, 4.8 quadrillion BTUs does not inclu e outdoor lighting nor the energy used by air
conditioning to reduce heat caused by lighting.
39 According to the Department of Energy's Energy Efficienc and Renewable Energy Network, "Lighting
also directly affects our economy. As a nation, we spend ab t one-quarter ofour electricity budget on
lighting, or more than $37 billion annually. Yet much of this expense is unnecessary. Technologies
developed during the past 10 years can help us cut lighting c sts 30% to 60% while enhancing lighting
quality and reducing environmental impacts.
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ISM problem that was staring them in the face. At ~he same time, the Commission was

well aware of Fusion lamps, had originally recom~ended the 2450 MHz spectrum for

their use and had tested their emissions well before iany DARS licenses were even up for

auction.

In recent years, the Commission has shown !that its system of preferential

spectrum rights is not immutable. Just as ISM dev~ces must protect licensed services in

other bands, Part 15 devices must accept any intern rence, certainly interference from

devices in licensed services. Yet in the LMS Doc et, Part 15 spread spectrum device

manufacturers sought and were granted a safe harb r against interference complaints

from higher priority, licensed LMS operators.40 In fact, the Commission went so far as to

condition the grant of future LMS licenses on the Ii ensee's ability to demonstrate
i

through actual field tests that their systems would ~ot cause unacceptable levels of

interference to Part 15 devices. In that case the Co~ission did not accept the traditional

hierarchy of licensed and unlicensed services but r~ther made a decision in the public

interest. In this proceeding as well, the Commissiop must reach a decision firmly rooted

in the public interest.

Fusion has spent millions of dollars develoBing an energy-conserving advance in

lighting technology, funded in part by the Department of Energy and other agencies of
I

the federal government, and so innovative that it is ialready on display at the Smithsonian

Institution. It is necessary, therefore, for the Comnil-ission to resolve this Docket without

adopting the draconian solutions requested by the I1>ARS licensees that would wipe out

two decades of public and private effort developing RF lighting in the 2.45 GHz band.

40 See Amendment ofPart 90 ofthe Commission's Rules to A opt Regulations for Automatic Vehicle
Monitoring Systems, Notice of Proposed Rulemaking, PR Do ket No. 93-61, 8 FCC Rcd 2502 (1993);
Report and Order, PR Docket No. 93-61, 11 FCC Rcd. 4695 1995; Order on Reconsideration, PR Docket
No. 93-61, 11 FCC Rcd. 16905 (1996).

17



Conclusion

Before "metal was bent" for the first DARSI satellite, Fusion lights were

illuminating federal office buildings in Washingtoq, D.C. The DARS licensees cannot

simply claim ignorance of the situation that existed! before they tendered their bids. By

accepting their licenses on conditions set by the Co~ission, they agreed to conduct due

diligence "before proceeding as they would with any new business venture." In the

case of a new technology costing hundreds of milli ns of dollars and dependent for its

success upon the reception by moving vehicles of ery low power signals delivered from

space, such due diligence should have been a thorohgh and sobering task. Instead, these
I

licensees appear to have rushed into a new busines~ with very little spectrum awareness.

Could they have designed a more robust, albeit mote costly, system or could they have
I

delivered fewer but higher quality signals? They s~ill have choices at a cost consistent

with the scale of investment already made. They c+n ensure the adequacy of their service

by sufficient placement of terrestrial repeaters to o'fercome ISM interference. The public

interest would be better served by this approach th~ one which enlists the Commission

to protect the DARS licensees from their faulty judgment.

And Finally

On May 16,2001, Vice President Cheney s~bmitted to President Bush the

"Report of the National Energy Policy Developmer).t Group." At the beginning of Section

Four of that report, "Using Energy Wisely," there aire two pictures.41 The first shows the

Fusion lamp illuminating the pedestrian plaza unde the Forrestal Building in Washington

D.C. The second is a full-page photograph of the F sion sulfur lamp bulbs.

41 See Exhibit F
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The Commission should consider the irony f one branch of the federal

government hailing the Fusion lamp while another onsiders whether to extinguish it.

Respectfully submitted,

Fusion Lighting, Inc.

Fish & Richardson, P.C.
601 Thirteenth Street, N.W.
Suite 901 South
Washin~on,D.C.20005

Counsel for Fusion Lighting, Inc.

May 31, 2001
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